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The present invention relates to metal oxide magnetic 



particles and a magnetic recording medium containing the same 
and, more specifically, to spinel f errimagnetic particles 
containing Co, Ni and other bivalent metal and a magnetic 
recording medium containing the same. 

10 BACKGROUND ART 

Conventionally, researches have been carried out on 
spinel ferrite which is a composite oxide containing iron as 
a magnetic material to be used as recording media of data-filing 
tapes. There are various compositions (M, Fe) 3 0 4 (M = Fe ( II ) , 

15 Co, Ni, Mn, Al, Cu, Zn, etc.) considered as the spinel ferrite, 
and one of the examples is Co ferrite. Co ferrite exhibits 
a large value of magnetocrystalline anisotropy constant so 
that it does not easily become superparamagnetic particles 
even if the particles become finer. • Thus, it can maintain 

20 excellent magnetic properties and has been expected to be 
utilized as a high-density magnetic recording material. 

Conventionally, a known method for preparing the 
aforementioned Co ferrite is to form it as a thin film by using 
a spin-spray-f errite plating method. In order to further 

25 improve the magnetic properties of the magnetic material, a 
known research has been carried out in regards to forming Co-Ni 
ferrite thin films by the above-described method (see Cho, et. 
al. w Effect of Adding Ni to Co Ferrite Thin Film", Powder and 
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Powder Metallurgy, vol. 47, No. 2, P171-174, 25 th of FEBRUARY, 
2000) . 

Although Co-Ni ferrite which has been conventionally 
used is f errimagnetic substance, it is a bulk material or of 
5 a thin film type. Thus, the coercivity is less than 239 [kA/m] 
(3000 [Oe] ) even at the maximum, so that it is difficult to 
further improve the recording density of the recording medium 
using this magnetic material. That is, the spinel ferrites 
are used for tapes as recording media, however, the coercivity 

10 cannot be improved so that there raises an issue that the 
performance of the recording medium cannot be improved more 
than that of the present ones. 

In the meantime, it has been examined to make finer 
particles of the magnetic material to be applicable for the 

15 recording media, and researches have been actively carried out 
on, for example, Ba ferrite as magnetoplumbite ferrite (M-type 
ferrite) . However, although the magnetic particles with an 
average particle diameter of 30 [nm] - 40 [nm] can be prepared, 
the coercivity still remains 239 [kA/m] (3000) [Oe] ) at the 

20 maximum. Thus, the coercivity is still low. 

That is, with the conventional magnetic materials, it 
is impossible to improve the coercivity more than that of the 
present level, so that it is difficult to achieve still higher 
recording density of the recording medium. 

25 For overcoming the aforementioned shortcomings, 

presently, researches have been carried out in regards to Co-Ni 
spinel ferrite particles which, conventionally, had been the 
thin films or bulk materials. One of the examples is disclosed 
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in a literature by H. Yamamoto, Y. Nissato, "Magnetic 
Properties of Co-Ni Spinel Ferrite Fine Particles with High 
Coercivity Prepared by the Chemical Coprecipitation Method" , 
IEEE Transaction on Magnetics, vol. 38, No. 5 pp3488-3492, 
5 SEPTEMBER 2002. In this literature, in order to improve the 
magnetic properties, especially, the coercivity of the 
conventional Co spinel ferrite fine particles, so as to provide 
a magnetic material with high coercivity HcJ, a part of Co is 
substituted with Ni for making Co coexists with Ni. 

10 Specifically, by setting the value of Fe/(Co+Ni) within a 
specific range, it is possible to obtain a magnetic material 
with relatively high coercivity. 

However, with the above-described Co-Ni spinel ferrite, 
it is impossible to achieve small and uniform particle diameter, 

15 so that the coercivity of the particles also becomes nonuniform. 
Further, since there are a large percentage of 
superparamagnetic particles contained in the magnetic 
particles, the magnetic state varies according to the 
intensity of the surrounding magnetic field so that the 

20 magnetism cannot be stably maintained. 

Therefore, when the magnetic fine particles of the 
above-described conventional case are used for a data storage 
recording medium, specifically for a magnetic tape, 
transcribing of recorded data is easily generated in a 

25 laminated area where the tape is being wound. That is, 
basically, if the coercivity is not uniform, the recorded data 
cannot be stably maintained in an area with low coercivity. 
Thus it is possible that the magnetic transcription is caused 
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between magnetic tapes which overlap with each other. 
Moreover, in the area with the superparamagnetism, the 
magnetization intensity becomes unstable according to the 
magnetic state of the overlapping area of the magnetic tape 
5 so that the stable magnetic state cannot be maintained. As 
described above, when using the conventional magnetic fine 
particles for the magnetic recording media, the performance 
of recording information is deteriorated. 

On the other hand, it- is possible to remove the 
10 superparamagnetic substance from the generated magnetic fine 
particles in order to achieve the stable magnetic state. 
However, it requires time and work for this to be done, which 
increases the manufacturing cost. 

Moreover, the values of saturation magnetization and 
15 remanent magnetization are not necessarily high. Thus, the 
magnetic properties are still insufficient to be used for the 
data storage recording media. 

An object of the present invention is to improve the 
inconvenience of the conventional case described above and, 
20 specifically, to provide a magnetic material which can be 
preferably used for magnetic recording media, in which the 
content of the superparamagnetic fine particles is low while 
the high coercivity is maintained. 

25 DISCLOSURE OF THE INVENTION 

In order to overcome the foregoing shortcomings, the 
spinel f errimagnetic particles of the present invention is 
expressed by a composition formula (CoO) o.5-x (NiO) o.5- y (MO) x + y . • 
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n/2(Fe 2 0 3 ) (M is a bivalent metal except Co and Ni) at the time 
of preparation, where a value of n (molar ratio) = Fe/(Co + 
Ni + Zn) is 2.0 < n < 3.0, which is larger than stoichiometric 
amount (n = 2) of a spinel ferrite and less than that of 1 . 5 
5 times, and values of said x, y satisfy 0^x<0.5, 0^y< 
0.5, 0 < x+y < 0.5. Further, superparamagnetic fine 
particles contained in the spinel f errimagnetic particles is 
5 % by mass or less. Here, the M as the bivalent metal is 
preferable to be Zn, Mn. 

10 Especially, it is desirable that the value of n be 2.2 

< n < 2.8; the values of x, y satisfy 0 ^ x < 0.2, 0 ^ y < 
0.2, 0.01 < x+y < 0.2; and superparamagnetic fine particles 
contained in the spinel f errimagnetic particles be 2 % by mass 
or less. At this time, it is preferable that coercivity be 

15 239 - 637 [kA/m] and saturation magnetization be 50.3 * 10* 6 
- 88.0 xiCT 6 [Wb • m/kg] . 

It is desirable that the above-described spinel 
f errimagnetic particles be prepared through a forming process 
which comprises the steps of: preparing mixed solutions by 

20 mixing each solution containing iron, cobalt, nickel and M as 
water soluble metallic salts, respectively, by satisfying the 
conditions of x, y, n; preparing solutions containing 
coprecipitation substance by adding an alkaline aqueous 
solution to the mixed solutions and adjusting pH value to be 

25 12. 0 ^ pH ^ 14. 0; and producing fine particles through per • 
forming heat-treating on the solutions containing 

coprecipitation substance at 80 °C - 120 °C , and then 
performing filtration, washing and drying. At this time, it 
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is more desirable that the step of preparing the solutions 
containing coprecipitation substance be a step of preparing 
solutions containing coprecipitation substance by adjusting 
pH values to 13. 0 < pH < 13.7. 
5 The spinel f errimagnetic particles prepared as 

described above are magnetic particles with very small and 
uniform particle diameters and, further, are magnetic material 
with excellent magnetic properties having high coercivity. 
The content of superparamagnetic fine particles is 
10 substantially zero, so that stable recording can be maintained 
when used for recording media. Especially, it is an excellent 
magnetic material to be used for the recording media, even for 
a magnetic tape which is used in a wound state without causing 
magnetic transcription. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart showing a method of preparing spinel 
f errimagnetic particles of the present invention; 

FIG. 2 is a table showing a list of conditions when 
20 preparing Co-Ni-Zn system spinel f errimagnetic particles of 
Examples 1 to 3; 

FIG. 3 is a table showing a list of magnetic properties 
of the magnetic particles shown in FIG. 2; 

FIG. 4 is an illustration showing an X-ray diffraction 
25 pattern of the prepared magnetic particles of the Example 1; 

FIG. 5 is an electron microscope TEM photograph of the 
prepared magnetic particles of Example 1; 

FIG. 6 is a graph for showing the magnetic properties 
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of the prepared magnetic particles of Example 2, which 
specifically shows saturation magnetization, remanent 
magnetization, and coercivity of the prepared magnetic 
particles with a composition formula of 

5 (CoO) 0.5 (NiO) 0.45 ( ZnO) 0 .05 * n/2 ( Fe 2 0 3 ) , where values of the molar 
ratio n = Fe/ (Co + Ni + Zn) are varied within the range of 2.0 

^ n ^ 3.0; 

FIG . 7 is a graph showing a torque curve of a magnetic 
sheet formed in Example 4; 
10 FIG. 8 is a graph showing a change in rotational 

hysteresis loss of the magnetic sheet formed in Example 4 for 
the external magnetic field; 

FIG. 9 is a graph showing the hysteresis loop of the 
magnetic sheet (Co-Ni-Zn system spinel ferrite) fabricated in 
15 Example 4 and that of a conventional Co-Ni system spinel 
ferrite; 

FIG. 10 is a table showing a list of preparing conditions 
and magnetic properties of Co-Ni-Mn system ferrite magnetic 
particles of Example 7; 
20 FIG. 11 is a table showing a list of preparing conditions 

and magnetic properties of Co-Ni-Mn system ferrite magnetic 
particles of Example 7; and 

FIG. 12 is a table showing a list of preparing conditions 
and magnetic properties of Co-Ni-Mn system ferrite magnetic 
25 particles of Example 7. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In the followings, spinel ferrite fine particles as of 
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the present invention will be described by referring to FIG. 
1 - FIG. 12. The present invention discloses the spinel 
f errimagnetic particles, a composition equation of which when 
prepared is (CoO) o.5-x (NiO) 0.5-y (MO) x+y • n/2(Fe 2 0 3 ) (M is a 
5 bivalent metal except Co and Ni) . Specifically, described is 
a case where M, the bivalent metal, isZn. It has been confirmed 
by an experiment that the similar magnetic properties as will 
be described below can be obtained also in the case where M 
is other bivalent metals (for example, Mn, Mg, etc.) 

10 Especially, Example 7 discloses a case of using Mn. 

The features which are common to all the following 
Examples (the case where M is Zn, Mn, Mg, etc) will be described 
by referring to the case where M is Zn. First, described is 
a method of preparing the Co-Ni-Zn system spinel f errimagnetic 

15 particles of the present invention by referring to FIG. 1. FIG. 
1 is a flowchart showing the preparing method. 

As described above, the spinel f errimagnetic particles 
to be prepared is expressed by a composition formula 
(CoO) o.5-x (NiO) 0.5-y (MO) x+y • n/2 (Fe 2 0 3 ) at the time of preparation, 

20 where a value of n (molar ratio) = Fe/ (Co + Ni + Zn) is 2.0 
< n < 3.0, which is larger than stoichiometric amount (n = 2) 
of a spinel ferrite and less than that of 1.5 times. Further, 
it is a composition in which the values of x, y satisfy 0 ^ 
x<0.5, 0^y<0.5, 0< x+y < 0.5. In other words, it is 

25 obtained by substituting a part of Co (CoO) or Ni (NiO) , or a 
part of combination of Co (CoO) and Ni (NiO) among the 
composition of the conventional Co-Ni system spinel ferrite 
with Zn (ZnO) as a bivalent metal. With this composition, the 



content of the superparamagnetic fine particles becomes 5 % 
by mass or less, which is substantially zero. Thereby, it is 
possible to obtain a magnetic material with the very small and 
uniform particle diameters, having an excellent magnetic 
property such as high coercivity. The specific preparing 
method will be described in the followings. 

First, water soluble metallic salt as a raw material is 
dissolved in pure water. Specifically, used as the raw 
material metallic salt are reagent chemicals such as FeCl 3 • 
6H 2 0 (iron chloride hexahydrate ( 1 ) ) , CoCl 2 • 6H 2 0 (cobalt 
chloride hexahydrate (2)), NiCl 2 • 6H 2 0 (nickel chloride 
hexahydrate (3)), and ZnCl 2 (zinc chloride (4)). As for an 
alkaline solution used at the time of coprecipitation, a 
reagent chemical of NaOH (sodium hydroxide (5) ) is used. Each 
of the raw materials or the alkaline aqueous solution is not 
limited to the ones described above. 

Then, each of the solutions containing cobalt, nickel, 
zinc is mixed to prepare a mixed solution (step SI) . The value 
of n =Fe/ (Co + Ni + Zn) as the molar ratio of Fe and (Co + Ni 
+ Zn) is adjusted to satisfy 2.0 < n < 3.0. 

In Examples 1 to 4 as will be described in the followings, 
the value of x in the above-described composition expression 
is fixed to x = 0 and only NiO is substituted with ZnO. Thus, 
the substitution amount can be expressed by "y" and the value 
of y is set to satisfy 0 < y < 0.5. Also, the Example 5 shows 
a case where the value of y is fixed to y = 0 and only a part 
of CoO is substituted with ZnO. Further, as will be described 
in Example 6, the same effect can be achieved even when a part 
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of the both is substituted with ZnO. It is also the same in 
the cases where M is Mn, Mg, etc. 

The reason for setting the value of n to satisfy 2.0 < 
n < 3.0 is as follows. First of all, the composition with n 
5 > 2. 0 produces single-phase f errimagnetic particles. In the 
composition with n > 3.0, there is excessive amount of Fe so 
that ferric oxide is to be contained. Also, the composition 
with n = 2.0 produces two-phase f errimagnetic particles. 
Further, in the one with n < 2.0, there is an excessive amount 

10 of bivalent metallic ions with a total of Co and Ni with respect 
to Fe, thereby containing heterotopic-phase particles. When 
the composition with two or more phases is mixed, the magnetic 
properties as the magnetic material are deteriorated. 
Therefore, by setting the value of n to satisfy 2.0 < n < 3.0, 

15 it enables to produce the particles with the single-phase 
composition so that the quality of magnetic properties can be 
improved. More preferably, the value of n may be set to satisfy 
2 . 2 < n < 2 . 8 . 

Subsequently (following the step SI), a copreciation 

20 containing solution is prepared through adding the alkaline 
aqueous solution 5 to the mixed solution while well-stirring 
the mixed solution and coprecipitating a precipitate by 

adjusting pH value to satisfy 12 . 0 ^ pH ^ 14.0 (step S2) . At 
this time, especially, coprecipitation may be performed by 
25 setting the pH value to be 13. 0 < pH < 13.7. 

Then, the mixed solution (precipitation slurry) with the 

precipitate is boiled by being heated at 100 °C for 2 hours 
(step S3) for producing black particles from the metal-mixed 
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precipitate by a condensation polymerization reaction. Then, 
the black particles are washed five times in every 24 hours 
(step S4) and are retrieved by being filtered using a No. 2 
filter paper (step S5) . 

Subsequently, the filtered substance is dried at 80 °C 
for 12 hours using a thermostatic chamber (step S6) for 
obtaining the black particles of the Co-Ni-Zn spinel fine 
particles by pulverizing the dried substance in a mortar. 

The heat treatment in the above-described step S3 is not 
limited to be performed at 100 °C and it is preferable to be 
performed at 80 °C -120 °C . Also, the treatments such as the 
filtration, washing, drying and the like are not limited to 
be performed under the above-described conditions. 

Subsequently, for measuring the magnetic properties of 
the obtained ferrite particles, a magnetic sheet is formed by 
applying the ferrite particles uniformly on a PET film in 15 
Azm thickness using a doctor blade, orienting the particles 
in a magnetic field of 0.8 MA/m and then drying them. The 
magnetic properties of the sample are measured by a vibrating 
sample magnetometer (VSM) , the crystalline structure of the 
particles is investigated by diffraction patterns obtained by 
an X-ray diffraction instrument, and the particle size is 
observed by transmission electron microscope (TEM) (FeKa is 
used) . The magnetic anisotropic constant of the sample 
magnetic sheet is measured by using a torque magnetometer and, 
further, the rotational hysteresis loss (Wr/Ms) is 
investigated. 

In each of the following Examples, the spinel 
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f errimagnetic particles of the above-described composition 
are prepared by varying the substitution amount x + y of the 
ZnO, the molar ratio n, and the pH value at the time of 
coprecipitation, respectively. FIG. 2 shows each of the 
5 producing conditions and FIG. 3 - FIG. 9 show the results of 
the measurements on the magnetic properties. Further, FIG. 
10 shows the magnetic properties in the case where M is Mn. 
(Example 1) 

First, as the raw material metallic salt, iron chloride 
10 hexahydrate, cobalt chloride hexahydrate, nickel chloride 
hexahydrate and zinc chloride were poured into pure water in 
glass beakers, respectively , to be resolved for preparing: 
(1-1): 200 [ml] of Fe 3+ solution with 0.25 [mol/1], 100 
[ml] of Co 2+ solution with 0.10 [mol/1], and 100 [ml] of Ni 2+ 
15 solution with 0.10 [mol/1]; 

(1-2): 200 [ml] of Fe 3+ solution with 0.25 [mol/1], 100 
[ml] of Co 2+ solution with 0. 10 [mol/1], 90 [ml] of Ni 2+ solution 
with 0.10 [mol/1], and 10 [ml] of Zn 2+ solution with 0.10 
[mol/1] ; and 

20 d-3): 200 [ml] of Fe 3+ solution with 0.25 [mol/1], 100 

[ml] of Co 2+ solution with 0. 10 [mol/1], 40 [ml] of Ni 2+ solution 
with 0.10 [mol/1], and 60 [ml] of Zn 2+ solution with 0 . 10 [mol/1]. 
These solutions were poured into heat-resistant beakers with 
the volume of 1 litter, to which a pH meter and a thermometer 

25 were mounted. Thereby, for all of (1-1), (1-2), (1-3), 400 
[ml] of the mixed solutions of n (= Fe/ (Co + Ni + Zn) ) =2.25 
were prepared. 

Then, while stirring for mixing, 200-500 [ml] of caustic 
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soda with 3 [mol/1] concentration prepared separately was 
poured therein for producing 600-900 [ml] of precipitation 
slurry, respectively, from the metallic salt mixed solutions 
by the neutralization. At this time, coprecipitation was 
5 performed at pH = 13.0. 

Then, the precipitation slurry was heated at 100 °C for 
120 minutes for producing black particles from the metal-mixed 
precipitate by a condensation polymerization reaction. Then, 
the particles were washed five times in every 24 hours by 
10 decantation and were retrieved by being filtered using a No. 
2 filter paper. The filtered substance was dried at 80 °C for 
12 hours using a thermostatic chamber, and the black particles 
were obtained by pulverizing the dried substance in a mortar. 

The obtained black particles were of the composition 
15 formula (CoO) 0 .5 (NiO) 0 .5- y (ZnO) y • n/2 (Fe 2 0 3 ) , where 

(1-1) : n = 2.5, y = 0 

(1-2) : n = 2.5, y = 0.05 

(1-3) : n = 2.5, y=0.3 

From the results of the measurements by the X-ray 
20 diffraction, it was found that each had a crystalline structure 
of spinel crystal . FIG . 4 shows the X-ray diffraction patterns 
of the particles produced under the (1-2) condition described 
above. From the results of observation by a transmission 
electron microscope (TEM) , it was found that the particles were 
25 monodisperse fine particles in substantially cubic form with 
an average diameter of approximately 38 [nm] . The state is 
shown in FIG. 5 which is an electron microscope TEM photograph 
of the produced particles. As can be seen from the photograph, 
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it is possible to produce extremely small and uniform 
particles . 

The magnetic properties of each particle were measured 
using a vibrating sample magnetometer (VSM) . An excellent 
5 result was obtained especially under the (1-2) condition (n 
=2.5, y = 0.05), and the particles were the single-phase 
spinel f errimagnetic fine particles with the saturation 
magnetization as of 62.0 xio -6 [Wb • m/kg] , the remanent 
magnetization a r of 36.6 *10~ 6 [Wb * m/kg] , and the coercivity 

10 HcJ of 372 [kA/m] . 

Also, particles were produced in the same manner by 
changing the value of y, ZnO substitution amount, to 0 < y < 
0.5, and the magnetic properties of the particles such as the 
saturation magnetization, remanent magnetization and 

15 coercivity were measured. From the result, as in the 
above-described case, it was verified that they were the 
particles with high magnetic properties with the small and 
uniform particle diameters. 

Especially, the coercivity was normally 239 - 637 [kA/m] 

20 (3000 - 8000 [Oe] ) , which was 1.6 times or more the value of 
Ba ferrite fine particles (as described in "Background Art", 
the optimum coercivity HcJ of the Ba ferrite is 239 [kA/m]) 
which had been developed conventionally. Also, the saturation 
magnetization as was normally 50.3 xio -6 - 88.0 *10~ 6 [Wb • 

25 m/kg] (40 - 70 [emu/g] ) , which was higher than the conventional 
particles . 

As described, obtained are fine particles having the high 
coercivity with the uniform particle diameters, so that it is 
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possible to form recording media of high qualities. Further, 
as verified in Example 4 which will be described later, there 
were almost no superparamagnatic particles contained in the 
magnetic particles. Thus, the work for removing the 
superparamagnetic substances becomes unnecessary and the 
particles can be used as a preferable magnetic material for 
recording media. 

Especially, the spinel f errimagnetic particles of the 
Example having the above-described properties can be 
preferably used for magnetic recording tapes. That is, 
because there is an issue that a stable recording and 
maintaining cannot be achieved in the cases where: in the 
laminated area where the magnetic recording tape is being wound, 
the magnetic force cannot be maintained stable in an area with 
a weak coercivity if, first of all, the coercivity is nonuniform, 
so that magnetic transcription is caused between the areas of 
the magnetic tape overlapping with each other; and in the area 
with the superparamagnetism, the magnetized state is varied 
according to the magnetic state of the overlapped area of the 
magnetic tape so that, as the case described above, the magnetic 
transcription is caused. Therefore, with the magnetic 
recording medium, especially, the magnetic tape, containing 
the magnetic particles of the Example, due to having the 
magnetic properties such as the superparamagnetic particle 
content of almost zero as described above, it enables to 
suppress the magnetic transcription in the laminated areas so 
that the magnetic information can be stably recorded and 
maintained. Similarly, it is preferable to use the magnetic 
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particles, which are produced in each Example as will be 
described later, for the magnetic recording media. 

Also, the produced spinel f errimagnetic particles may 
be solidified by binder for fabricating a bonded magnet. 
5 Thereby, for example, it can be used as a bonded magnet for 
a motor. Moreover, a plastic magnet for injection molding or 
a sheet-type plastic magnet may be fabricated by mixing the 
produced spinel f errimagnetic particles and a thermoplastic 
resin. Thereby, it is possible to fabricate each type of 
10 magnet with higher coercivity than that of the conventional 
case. In the same manner as described above, the bonded 
magnets and the like may be fabricated using the magnetic 
particles produced in each Example as will be described later. 
(Example 2) 

15 Next, in Example 2, the magnetic fine particles were 

produced by varying the values of the molar ratio n. As the 
raw material metallic salt, iron chloride hexahydrate, cobalt 
chloride hexahydrate, nickel chloride hexahydrate and zinc 
chloride were poured into pure water in glass beakers, 
20 respectively, to be resolved for preparing: 

(2-1): 200 [ml] of Fe 3+ solution with 0.2 [mol/1] , 100 
[ml] of Co 2+ solution with 0.1 [mol/1], 90 [ml] of Ni 2+ solution 
with 0.1 [mol/1]; and 10 [ml] of Zn 2+ solution with 0.1 [mol/1] 
(2-2): 200 [ml] of Fe 3+ solution with 0.225 [mol/1], 100 
25 [ml] of Co 2+ solution withO.l [mol/1], 90 [ml] of Ni 2+ solution 
with 0.1 [mol/1], and 10 [ml] of Zn 2+ solution with 0 . 1 [mol/1]; 

(2-3): 200 [ml] of Fe 3+ solution with 0.25 [mol/1], 100 
[ml] of Co 2+ solution with 0.1 [mol/1], 90 [ml] of Ni 2+ solution 
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with 0.1 [mol/1], and 10 [ml] of Zn 2+ solution with 0.1 [mol/1]; 

(2-4): 200 [ml] of Fe 3+ solution with 0 . 275 [mol/1], 100 
[ml] of Co 2+ solution with 0.1 [mol/1], 90 [ml] of Ni 2+ solution 
with 0.1 [mol/1], and 10 [ml] of Zn 2+ solution with 0.1 [mol/1]; 
5 and 

(2-5): 200 [ml] of Fe 3+ solution with 0.3 [mol/1], 100 
[ml] of Co 2+ solution with 0.1 [mol/1], 90 [ml] of Ni 2+ solution 
with 0.1 [mol/1], and 10 [ml] of Zn 2+ solution with 0.1 [mol/1]. 
These solutions were poured into heat-resistant beakers with 
10 the volume of 1 litter, to which a pH meter and a thermometer 
were mounted, for preparing, respectively, 400 [ml] of the 
mixed solutions, where: 

(2-1) : n (= Fe/ (Co + Ni + Zn) ) = 2 . 0 , (2-2) : n (= Fe/ (Co 
+ Ni + Zn) ) =2.25, (2-3) : n (= Fe/ (Co + Ni + Zn) ) =2.5, (2-4) : 
15 n (= Fe/ (Co + Ni + Zn) ) = 2.75, (2-5) : n (= Fe/ (Co + Ni + Zn) ) 
= 3.0. 

Then, while stirring for mixing, 200-500 [ml] of caustic 
soda with 3 [mol/1] concentration prepared separately was 
poured therein for producing 600-900 [ml] of precipitated 

20 slurry, respectively, from the metallic salt mixed solutions 
by the neutralization. At this time, coprecipitation was 
performed at pH = 13.0. 

Then, the precipitated slurry was heated at 100 °C for 
120 minutes for producing black particles from the metal-mixed 

25 precipitate by a condensation polymerization reaction. Then, 
the particles were washed five times in every 24 hours by 
decantation and were retrieved by being filtered using a filter 
paper. The filtered substance was dried at 80 °C for 12 hours 
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using a thermostatic chamber, and the black particles were 
obtained by pulverizing the dried substance in a mortar. 

The obtained black particles were of the composition 
formula (CoO) 0.5 (NiO) 0 .5- y (ZnO) y • n/2 (Fe 2 0 3 ) , where 

(2-1) : n = 2.0, y = 0.05 

(2-2) : n = 2.25, y = 0.05 

(2-3) : n = 2.5, y = 0.05 

(2-4) : n = 2.75, y = 0.05 

(2-5) : n = 3. 0, y = 0. 05 

From the results of the measurements by the X-ray 
diffraction, it was found that, as in the case shown in FIG. 

3, each had a crystalline structure of spinel crystal. From 
the results of observation by a transmission electron 
microscope (TEM) , it was found that, as the case shown in FIG. 

4, the particles were monodisperse fine particles in 
substantially cubic form. 

The magnetic properties of each particle were measured 
using a vibrating sample magnetometer (VSM) . FIG. 6 shows the 
results. That is, in the Example of the particles with the 
composition formula (CoO) 0.5 (NiO) 0 .5- y ( ZnO) y • n/2 ( Fe 2 0 3 ) , the pH 
value at the time of coprecipitation was fixed to be pH = 13.0 
and the value of y as the ZnO substitution amount was fixed 
to be y = 0.05, while the value of the molar ratio n = Fe/ (Co 
+ Ni + Zn) was varied within the range of 2.0 ^ n ^3.0 for 
producing the fine particles. The magnetic properties of the 
particles such as the saturation magnetization, remanent 
magnetization and the coercivity were measured. 

It was found that the coercivity HcJ increased in 
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accordance with the increase of the value of the molar ratio 
n = Fe/ (Co + Ni + Zn) , while maininaning high values of the 
saturation magnetization as and the remanent magnetization 
or. An excellent result was obtained especially under the 

(2-3) condition (n = 2.5, y = 0.05) , and the particles were 
the single-phase spinel f errimagnetic fine particles with the 
saturation magnetization a s of 62 . 0 * 10" 6 [Wb • m/kg] , remanent 
magnetization or of 36.6 *10~ 6 [Wb • m/kg] and the coercivity 
HcJ of 372 [kA/m] . 

Also, it was verified that the superparamagnetic 
particle content in the produced magnetic particle was 5 % by 
mass or less. Especially, when the value of n was within the 
range of 2.2 < n < 2.8, the superparamagnetic particle content 
was 2 % by mass or less. Since the superparamagnetic particle 
content was- substantially zero, the magnetic material can be 
stably magnetized so that it can be preferably used for the 
magnetic recording medium. 

(Example 3) 

Next, in Example 3, the magnetic particles were produced 
by varying the pH values at the time of coprecipitation . As 
the raw material metallic salt, iron chloride hexahydrate, 
cobalt chloride hexahydrate, nickel chloride hexahydrate and 
zinc chloride were poured into pure water in glass beakers, 
respectively, to be resolved for preparing 200 [ml] of Fe 3+ 
solution with 0.25 [mol/1] , 100 [ml] of Co 2+ solution with 0.1 
[mol/1], 90 [ml] of Ni 2+ solution with 0.1 [mol/1]; and 10 [ml] 
of Zn 2+ solution with 0.1 [mol/1] in each of the cases (3-1), 
(3-2) , (3-3) . These solutions were poured into heat-resistant 
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beakers with the volume of 1 litter, in which a pH meter and 
a thermometer were mounted, for preparing 400 [ml] of the mixed 
solutions of n (= Fe/ (Co + Ni + Zn) ) = 2.5 

Then, while stirring for mixing, 200-500 [ml] of caustic 
soda with 3 [mol/1] concentration prepared separately was 
poured therein for producing 600-900 [ml] of precipitation 
slurry, respectively, from the metallic salt mixed solutions 
by the neutralization. At this time, coprecipitation was 
performed at different pH values as shown below. 

(3-1) : pH = 12.7 

(3-2) : pH = 13.0 

(3-3) : pH = 13.3 

Then, the precipitation slurry was heated at 100 °C for 
120 minutes for producing black particles from the metal-mixed 
precipitate by a condensation polymerization reaction. Then, 
the particles were washed five times in every 24 hours by 
decantation and were retrieved by being filtered using a No. 
2 filter paper. The filtered substance was dried at 80°C for 
12 hours using a thermostatic chamber, and the black particles 
were obtained by pulverizing the dried substance in a mortar. 

The obtained black particles were of the composition 

formula (CoO) 0 .5 (NiO) 0 .5- y ( ZnO) y * n/2 (Fe 2 0 3 ) , and n = 2.5, y = 0.05 
in all the cases . As described above, varied were the pH values 
at the time of coprecipitation. 

From the results of the measurements by the X-ray 
diffraction, it was found that, as in the case shown in FIG. 
4, each had a crystalline structure of spinel crystal. Also, 
from the results of observation by a transmission electron 
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microscope (TEM) , it was found that, as the case shown in FIG. 
5, the particles were monodisperse fine particles in 
substantially cubic form. 

Shown in the followings are a part of the results of the 
5 measurements performed on the magnetic properties of the 
particles of each case using a vibrating sample magnetometer 
(VSM) . 

(3-2) : the saturation magnetization as was 62.0 *10~ 6 
[Wb • m/kg] , the remanent magnetization o r was 36. 6 *10~ 6 [Wb • 

10 m/kg], and the coercivity HcJ was 372.6 [kA/m] 

(3-3): the saturation magnetization as was 62.8 *10~ 6 
[Wb • m/kg] , the remanent magnetization a r was 37 . 0 *10~ 6 [Wb • 
m/kg], and the coercivity HcJ was 372.9 [kA/m] 
Excellent properties were observed especially in the fine 

15 particles which were produced when the pH values were pH = 13. 
0, pH = 13.3. 
(Example 4) 

Next, magnetic sheets were formed by using the obtained 
fine particles with the excellent properties . The composition 
20 of the fine particles used for the magnetic sheet was (Co0) 0 .5 

(NiO)o. 45 (ZnO) o.05 # 1-25 (Fe 2 0 3 ) r (where, n = 2.5, y = 0.05) and 
the pH value at the time of coprecipitation was pH = 13.0. As 
for the magnetic properties, the saturation magnetization 
a s was 62.0 *10~ 6 [Wb • m/kg], the remanent magnetization 
25 ar was 36.6 * 10~ 6 [Wb • m/kg] , and the coercivity HcJ was 372.6 
[kA/m] . 

Now, conditions of preparing a magnetic coating material 
are shown below . 
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(Condition 1) Weight percentage of magnetic particles to mixed 
solution (weight percentage of magnetic particles to mixed 
solution when solid content (magnetic particles + resin) 
concentration was set 25 wt%) 
magnetic particles: 1 

mixed solution of resin (binder) and a solvent: 4 
glass beads (diameter of approximately 0.3 mm): 8 

(Condition 2) Weight percentage of mixed solution of resin and 

solvent 

polyvinyl chloride copolymer resin: 1 
hechlohexane : 6.21 
toluene: 6.21 
MEK: 2.59 

(Condition 3) Dispersing device: a mixer mill (8000-D model, 
a product of SPEX) 

(Condition 4) Dispersion time: 8 hours 

As for the method for forming the magnetic sheet, right 
after applying the magnetic coating material, which was 
prepared under the above-described conditions, uniformly on 
a 15 Dm thick PET film using a doctor blade, it was oriented 
in a magnetic field of 0 . 8MA/m (lOkOe) and dried. 

Methods of evaluating the magnetic properties were as 
follows . 

(Evaluation method 1) Magnetization curves were measured by 
using the aforementioned VSM. 

(Evaluation method 2) Magnetic anisotropic constants Ki and 
K 2 were determined from the following equation after performing 
Fourier analysis on the torque curves measured by using the 
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torque magnetometer . 

L = . — (Ki/4 + K 2 /64)sin2D - (3Ki/8 + K 2 /16)sin4D + 
(3K 2 /63) sin6D 

As for the aforementioned equation, the following 
5 literature was used as the reference. 

Reference: S. Chikazumi, et al., " Physics of Ferromagnetic 
Substance, Second Edition" SHOKABO Publishing Co., Ltd, 
chapter 12, ppl3, 1984. 

(4-B3) The anisotropic magnetic field Ha was measured by using 

10 the torque magnetometer. As for the method for measurement, 
the following literatures were used as the reference. 
Reference: I. S. Jacobs and F. E . . Luborsky, J. Appl. Phys . , 
vol. 28 pp467-473, D. M. Paige, S. R. Hoon, B. K. Tanner and 
KO'Grady, IEEE Trans. Magen., vol. 20, ppl852-1854, 1984. 

15 The magnetic anisotropy measured in the manner as 

described above will be described by referring to FIG. 7-FIG. 
9. FIG. 7 shows the torque curve of each of the above-described 
spinel fine particles which were measured in the magnetic field 
of 2. 15 [MA/m] . FIG. 8 shows the rotational hysteresis loss. 

20 As shown in FIG. 7, the values of Ki and K 2 in 300K were 

K x = + 6.7 *10 4 J/cm 3 and K 2 = - 16.8 xl0 4 J/cm 3 . Also, the 
rotational hysteresis loss was evaluated by having the value 
of Wr/Js corresponding to the rotational hysteresis loss as 
the ordinate axis and the external magnetic field H as the 

25 abscissa axis. As for the anisotropic magnetic field Ha, 
approximately 2.8 [MA/m] was obtained and form the result, it 
was found that the magnetic sheet formed by using the spinel 
f errimagnetic fine particles of the present invention had high 
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magnetic anisotropy . 

FIG. 9 shows the hysteresis loops of the fine particles 
of the above-described compositions. In the graph, (1) is the 

loop of the composition formula (Co0) 0 .5 (NiO) 0 .45 (ZnO)o.os * 
5 1.25(Fe 2 0 3 ) and coprecipitation was performed at pH = 13.0, 

while (2) is that of (CoO)o.s (NiO)o.s # 1.125(Fe 2 0 3 ) and 
coprecipitation was performed at pH = 13.3. In other words, 

(1) is the hysteresis loop of the Co-Ni-Zn system spinel 
f errimagnetic fine particles as the present invention and (2) 

10 is that of the conventional Co-Ni system spinel f errimagnetic 
fine particles. In the graph, the value of the saturation 
magnetization increases without saturating as the intensity 
of the magnetic field increases. This is considered to be 
caused since the superparamagnetic substances are magnetized. 

15 Thus, it is understood that the superparamagnetic substances 
are contained in the conventional Co-Ni system spinel ferrite 

(2) . On the contrary, as for the Co-Ni-Zn system spinel 
ferrite (1) produced in the Example, the magnetization is 
substantially saturated in the ferromagnetic field, so that 

20 it is found to be fine particles with almost no 
superparamagnetic substance . 

In short, in the Example, Co-Ni-Zn system spinel 
f errimagnetic particles of the above-described composition 
are produced by substituting a part of NiO of the Co-Ni system 

25 spinel ferromagnetic fine particles expressed by the 
composition formula (CoO) x (NiO) y • 2/n (Fe 2 0 3 ) with ZnO. 
Thereby, the coercivity becomes as high as about 1.6 times that 
of Ba ferrite and the saturation magnetization is increased 
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by 21 % compared to that of the conventional Co-Ni ferrite. 
Therefore, it can be said that it is a magnetic material with 
excellent magnetic properties. Moreover, the 

superparamagnetic particle content is almost zero so that, as 
5 described above, the magnetic recording medium containing the 
magnetic particles is of high quality. 
(Example 5) 

Next, Example 5 of the present invention will be 
described. The composition of the spinel f errimagnetic 

10 particle is (CoO)o.s-x (NiO)o.s (ZnO) x -n/2(Fe 2 03), where the 
value of the molar ratio of Fe to (Co + Ni + Zn) , that is, n 
= Fe/(Co + Ni + Zn) , is 2.0 < n < 3.0, and the value of x is 
0 < x < 0. 5. 

That is, while Example 1 describes the spinel 
15 f errimagenetic fine particles obtained by substituting a part 
of NiO of the conventional Co-Ni system spinel f errimagnetic 
particles with ZnO, in Example 5, the value of y is fixed to 
"0" and a part of CoO is substituted with ZnO. 

The producing method comprises the steps of: preparing 
20 mixed solutions by mixing each of the solutions, whose 

composition formula is (CoO)o.s-x (NiO) 0 .5 (ZnO) x • n/2(Fe 2 0 3 ), 
containing, respectively, water soluble metallic salts of iron, 
cobalt, nickel, zinc, in such a manner that the value of x 
satisfies 0 < x < 0.5 and the value of the molar ratio of Fe 
25 to (Co + Ni + Zn) , that is, n = Fe/ (Co + Ni + Zn) , satisfies 
2.0 < n < 3.0; attaining a coprecipitation containing solution 
by adding alkaline aqueous solution to the mixed solution and 
performing coprecipitation of the precipitate through 
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adjusting the pH value; and producing particles by 
heat-treating, filtering, washing and drying the 
coprecipitation containing substance. In the step of 
performing the coprecipitation, it is performed by setting the 
5 pH value to be 12. 0 ^ pH ^ 14.0. The details of the steps 
are the same as the case of Example 1 so that the detailed 
description will be omitted. 

With such composition, similarly, it is possible to 
attain the spinel ferromagnetic fine particles with excellent 
10 magnetic properties, in which the particle diameter is small 
and uniform, the coercivity is high, and also there is no 
superparamagnetic substance contained. 
(Example 6) 

Next, Example 6 of the present invention will be 
15 described. The composition formula of the spinel 

f errimagnetic particle is (CoO)o.s-x (NiO)o.s-y (ZnO) x + y • 
n/2(Fe 2 0 3 ), where, the value of the molar ratio of Fe to (Co 
+ Ni + Zn) , that is, n = Fe/ (Co + Ni + Zn) , is 2.0 < n < 3.0, 
and the value of x is 0 ^£ x < 0 . 5, the value of y is 0 ^ y 

20 < 0.5, and the value ofx + yis 0 <x + y< 0.5 

That is, while the above-described Examples describes 
the spinel f errimagnetic fine particles obtained by 
substituting a part of either NiO or CoO of the conventional 
Co-Ni system spinel f errimagnetic particles with ZnO, in 

25 Example 6, a part of both CoO and NiO is substituted with ZnO. 

The producing method comprises the steps of: preparing 
mixed solutions by mixing each of the solutions, whose 
composition formula is (CoO) o.5-x (NiO) o.5- y ( ZnO) x+y • n/2(Fe 2 0 3 ), 
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containing, respectively , water soluble metallic salts of iron, 
cobalt, nickel, zinc, in such a manner that the value of the 
molar ratio n = Fe/ (Co + Ni + Zn) satisfies 2.0 < n < 3.0 and 
the values of x, y satisfy 0 ^ x < 0.5, 0 ^ y <0.5, 0 < x+y 
5 <0.5; attaining a coprecipitation containing solution by 
adding alkaline aqueous solution to the mixed solution and 
performing coprecipitation of the precipitate through 
adjusting the pH value; and producing particles by 
heat-treating, filtering, washing and drying the 

10 coprecipitation containing substance. In the step of 
performing the coprecipitation, it is performed by setting the 
pH value to be 12 . 0 ^ pH ^ 14.0. The details of the steps 
are the same as the case of Example 1 so that the detailed 
description will be omitted. 

15 With such composition, similarly, it is possible to 

attain the spinel ferromagnetic fine particles with excellent 
magnetic properties, in which the particle diameter is small 
and uniform, the coercivity is high, and also there is no 
superparamagnetic substance . 

20 (Example 7) 

Next, Example 7 of the present invention will be 
described. The spinel f errimagnetic particles of Example 7 
differs from the above-described Examples, and are Co-Ni-Mn 
system spinel f errimagnetic particles in which M as the 

25 bivalent metal is Mn. In other words, the spinel f errimagnetic 
particles are the ones in which a part of NiO and CoO of the 
conventional Co-Ni system spinel f errimagnetic particles is 
substituted with MnO. 
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As for the specific composition, the composition formula 

is (CoO) 0 .5-x (NiO)o.s-y (MnO) x + y • n/2(Fe 2 0 3 ), where, the value 
of the molar ratio of Fe to (Co + Ni + Mn) , that is, n = Fe/ (Co 
+ Ni + Zn) , is 2.0 < n < 3.0, and the value of x is 0 ^ x < 
5 0.5, the value of y is 0 ^ y < 0.5, and the value of x + y is 
0 < x '+ y < 0.5. The producing method is the same as that of 
the above-described Examples. 

FIG. 10 - FIG. 12 show the magnetic properties of the 
Co-Ni-Mn system spinel f errimagnetic particles of the 

10 above-described composition, in which the values of x, y, n 
and the value of the pH at the time of coprecipitat ion were 
varied. The data of this experiment shows the case where the 
value of x was set to be x = 0 . 

As shown in these figures, the coercivity of the magnetic 

15 particles is much higher than that of the conventional spinel 
f errimagnetic particles. Moreover, as the above-described 
case of containing Zn, it was verified that the 
superparamagnetic particle content was almost zero. 
Therefore, the particles are excellent in magnetic properties 

20 and are preferably used especially for magnetic recording 
media . 

INDUSTRIAL APPLICABILITY 

The spinel f errimagnetic particles of the present 
25 invention have the small and uniform particle diameter, high 
coercivity, saturation magnetization and remanent 
magnetization, and also have a characteristic that the 
superparamagnetic particle content is almost zero. Thus, it 
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is a magnetic material with extremely high magnetic properties. 
Therefore, it can be preferably used as magnetic recording 
medium and it enables to achieve stabilization of the recording 
state and high recording density. 



